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Teilhard and Prigogine 

James F. Salmon, S.J. 


I. Introduction 

Ilya Prigogine (1918- ) is a physical chemist and philosopher who 

shares his time with the University of Brussels and the University of Texas at 
Austin. His research in thermodynamics is seen as providing new theo¬ 
retical reasons why the universe may seem to run down and yet tend to a 
greater complexity and organization. Dr. Prigogine was awarded the Novel 
Prize in Chemistry in 1977 for this work. Since then he has pursued its 
implications in a number of popular journals and a book Order Out of Chaos . 

The scope and significance of Ilya Prigogine’s discoveries, ranging from 
physical processes to social and cosmic systems, compares well with the 
evolutionary vision of Teilhard. Several works on Teilhard refer to Prigogine 
( Teilhard , Taoism , and Western Thought , p. 12), and he was invited to speak at 
the Teilhard Centennial Symposium at Georgetown University in May 1981. 
As one of the organizers of that Symposium there was time for a chemist like 
me with a long-time interest in Teilhard to meet with and correspond with 
Dr. Prigogine and assess the extent of the simlarities in thought of these two 
scientists and philosophers. A later dinner meeting with Dr. Prigogine 
stimulated an ongoing chemical research program in my own laboratory. 

My purpose here will be to explore and explain the basic aspects of Ilya 
Prigogine’s thought in such a way as to facilitate its comparison with 
Teilhard’s vision. This may best be done in the main by ajourney through its 
technical content In this first section we will introduce some points of 
contact between the two thinkers. Part II discusses in some detail Prigogine’s 
theoretical contributions — The Rediscovery of Time, Physical and 
Chemical Phenomena, Bifurcation Theory, and Energy and Entropy. In the 
concluding section we return to further consider and summarize the 
convergence of their worldviews. 

One similarity which could be due to their common background is the 
effort to relate findings in their respective scientific disciplines to an integral 
humanistic view. Both authors were knowledgeable about their respective 
religious traditions and about classical literature. In the Preface to his book 
From Being To Becoming Prigogine notes “a reader must be familiar with the 
basic tools of theoretical physics and chemistry,” and then goes on to say “It 
is probably not an exaggeration to say that Western civilization is time 
centered. Is this perhaps related to a basic characteristic of the point of view 
taken in both the Old and the New Testaments?” (BB XVII) Both developed 
an early interest in history and philosophy. Prigogine’s mother recalls that 
he could read piano scores before he could read words and his repertoire as 
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a young concert pianist included Bach, Mozart, Schumann, and Debussy. 
Today modern science is often identified with the method of reductionism 
— the splitting of problems into their smallest components — but it has not 
been able to put the parts back together. Both of these thinkers share an 
ideal of recognizing the unity of human activity with natural and cosmic 
processes. Each sees his contribution supporting a new unified vision for 
humankind. Teilhardians are reminded of the Preface to the Phenomenon of 
Man. 


Like the meridians as they approach the poles, science, philosophy and religion are 
bound to converge as they draw nearer to the whole. I say “converge” advisedly, but 
without merging, and without ceasing, to the very end, to assail the real from different 
angles and on different planes. (PM 30) 

Prigogine also speaks of this: 

I have tried to show that the emphasis on time has brought in unifying elements which 
connect science and culture more closely together, as Teilhard predicted... What I want 
to emphasize is that this characterization of science as a creative and ethical activity 
which is embedded in culture as a whole, puts science in the frame of other human 
activities and again emphasizes the convergence of juiciest which is characteristic of the 
work of Teilhard. (TUK42) 


Indeed, the original title of Prigogine’s book, Order Out of Chaos , written with 
Isabelle Stengers and published in 1979 by Gallimard, Paris, is La Nouvelle 
Alliance , the new alliance between science and the humanitites. 

Ilya Prigogine is well-known in scientific circles for his personal warmth 
and modesty, combined with an intense concern to communicate what he 
has learned. As with Teilhard, whose hope was “to add my contribution to 
this effort to extricate ourselves and see more clearly what is happening,” 
(AE 253) Dr. Prigogine’s engaging personality is not insignificant in winning 
serious listeners. He is “a busy rider on the humanities lecture circuit these 
days, because he says what humanists like to hear — that truly modern 
science reveals that deterministic claims of classical science are plain 
wrong”. (Chemical Sc Engineering News, December 1, 1980, 23). 

Both thinkers, well-liked and admired by coworkers, have faced opposi¬ 
tion to their views, to their type of ground-breaking thought, which should 
not come as a surprise. Resistance to new ways of looking at things as a 
phenomenon in the history of science has been studied over the last twenty 
years by Thomas Kuhn and others. The so called “paradigm shift” model, 
proposed to explain change, has found application in both the natural and 
social sciences. 

In honestly comparing Teilhard and Prigogine one place to begin is with 
a recent interview given by Prigogine. As the interview drew to a close 
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responded: 


Not really. Chardin described the world as if he were outside of it. He was sure that every 
change, every bifuraction, was going in the right direction — in the direction of 
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increased spirituality. On the contrary, I am more impressed by the existence of multiple 
time horizons. A bifurcation can lead to the best or to the worst. We are participating in 
an evolution whose outcome is not clear to us. (Omni, 121) 

It is difficult to see what Prigogine meant in saying that Teilhard was 
describing the world as if he were outside of it, since Teilhard was so 
resolutely opposed to such an understanding — he speaks of the “naive 
extrinsicality” of those not “aware of belonging intrinsicly to the system.” 
(HE 113) “In this universe, which we flatter ourselves on regarding from the 
outside like gods, we find ourselves immersed, or to be more exact, to be so 
thoroughly incorporated, that we cannot possibly do or understand 
anything without apprehending ourselves.” (HE 114) 

Prigogine’s discussion of his own recent research in chemical physics can 
be readily compared to phenomenological observations throughout Teil¬ 
hard’s writings. For example, Prigogine comments: 

My purpose is much more modest. It is to start with the existence of irreversibility as a 
phenomenological fact and to see how to include it in a consistent formalism. To use an 
anology, the reason why gravitational and inertial mass should coincide is far from 
clear. So is the fundamental meaning of Planck’s constant. In many situations progress 
in physics has been associated not with the elucidation of problems involved in the 
foundations, but in the incorporation of a given empirical situation into the framework 
of a general formalism. (PUMR 293) 

Thus Teilhard and Prigogine converge as presenting the knower as intrinsic 
to the system and both refer to the history of science as background for their 
discussions. They agree with the mainstream of physicists in the twentieth 
century that a fascinating adventure is taking place in science in which, in 
the words of Niels Bohr, “it must never be forgotten that we ourselves are 
both spectators and actors in the drama of existence.” (Dialectica, 1948,318) 
It is also difficult to see what Prigogine means in saying that Teilhard saw 
every change (bifurcation) going in the right direction — toward increased 
spirituality. Teilhard’s word to describe evolutionary change is “groping” 
and his development of the word tells of the abundance of mistakes, that is, 
turns in the wrong direction. (PM 110) In fact, an evolutionary process 
suggested by Prigogine could parallel Teilhard’s groping: 

We might speculate that the basic mechanism of evolution is based on the play between 
bifurcations as mechanisms of exploration and the selection of chemical interactions 
stabilizing a particular trajectory. (OC 171) 

Thus Prigogine’s mechanisms of exploration involving bifurcations and 
chemical interactions, which will be described later, allow for mistakes so 
that in the evolutionary process there seems to be the same “groping” about 
which Teilhard speaks. (An analysis of the concept of “groping” in 
Teilhard’s thought is found in Thomas King’s Teilhard's Mysticism of 
Knowing , 22. I am indebted to Father King who over the years has advised 
his friends to the richness of Teilhard’s thought.) 
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His third point in stating the difference between himself and Teilhard 
continues this theme — the outcome of the process of evolution for 
Prigogine is not clear. His bifurcation theory does not predict a goal. For 
Teilhard the outcome was clear but his optimism and confidence involved 
his Christian faith. In a discussion at Georgetown University Prigogine 
stated both their common understanding and the crux of their difference: 
I have described the chemical clock in which there are millions and millions of 
independent molecules manifesting a form of coherent behavior. In reading Teilhard I 
have the impression that he had a model of this type in mind. In such a model the size of 
the system is increasing and at the same time there are coherent interactions of 
independent units. When you go from monocellular to multicellularbeings, some of the 
cells do behave in the same way &s others, so subdivisions are defined. But in such an 
interacting dynamic system, the cells are not necessarily repressed. Rather, it forms a 
kind of non-repressive ecological system in which there is a nonimposed diversity. And 
my impression is that for Teilhard unity included this kind of diversity and a tendency to 
build larger and larger systems towards planetization. The question is; can we have this 
diversity in larger and larger systems; building to some ultimate unity? I think this 
question is the main challenge of the modem world. (TUK 148) 


II. Prigogine’s Scientific Theories 
The Rediscovery of Time 


Prigogine often initiates dialogue by stressing that theie is a 1 evolution 
going on in science “not unlike the birth of the scientific approach in 
ancient Greece or of its renaissance in the time of Galileo/’ (BB XIII) “a 
period of great ferment/’ (PUMR 232) that “goes far beyond science proper.” 
(OC XXIX) His general theme that “Science is rediscovering time” changes 
the ideal of nineteenth century western science “to reach an unchanging, 
eternal reality” with “its emphasis on a time-independent objective descrip¬ 
tion of nature” to a new description of time in accord with human 
experience. (TUK 21) “For humans reality is embedded in the flow of time.” 
(OC XXIX) His thought thus serves to resolve the conflict between the 
timeless description of reality by classical physics and chemistry and the 
human experience of the asymmetry of time. “A preoccupation with time 
runs all through our century. Think of Einstein, Proust, Freud, Teilhard, 
Peirce, or Whitehead.” (OC 17) Prigogine claims an early interest in history 
and philosophy made him wonder why science paid so little attention to this 
conflict: “It was so much in contradiction to ordinary experience. Everyone 
knows that tomorrow is not the same as today. Yet chemists and physicists 
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reversible.” (Omni, 86) 

Reversibility and irreversibility are the key concepts used by Prigogine to 
describe the rediscovery of time. When Galileo and other founders of 
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modern science tried to describe motion mathematically they thought of an 
elastic ball bouncing on the ground and changing its velocity as it returns to 
its initial position. The early success of Kepler and Newton in the accurate 
calculation of the seemingly eternal paths of the planets, whose directions 
could be reversed without an essential change in the mathematics, was a 
solid base for the scientific paradigm that lasted for centuries. “It is true that 
there are phenomena that appear to us as deterministic and reversible, such 
as the motion of a frictionless pendulum or the motion of the earth around 
the sun: reversible processes do not know any privileged direction of time.” 
(Zygon, December 1984, 433) The reason for this paradox is disarmingly 
simple. Newtonian physics is symmetric in time which means that any 
motion of the planets, or of atoms, that proceeds in accordance with these 
laws of motion has a reverse pattern which is just the same. Even modern 
modifications by quantum and relativity theories fail to distinguish a 
privileged direction of time. 

Such a concept, however, is not applicable when one mixes two liquids, 
say water and alcohol. They cannot be unmixed without some external 
agent. We never expect the reverse process, the spontaneous separation of 
the mixture into pure water and pure alcohol. This example of mixing as an 
irreversible process resembles many chemical reactions and Prigogine 
notes their “particular significance” for “the way reality is.” (OC 131) 
“Together with heat conduction they (chemical reactions) form the 
prototype of irreversible processes.” (OC 131) The irreversibility of heat 
conduction occurs, for example, when one end of an isolated metal bar is 
heated. When the flame is removed the temperature gradually over a period 
of time becomes uniform throughout the bar and does not naturally reverse 
itself into hot and cold ends. Thus the metal bar irrevocably moving to a 
uniform temperature, to a state of thermal equilibrium, is what Prigogine 
calls a time-asymmetric and irreversible process. 

Equilibrium is the ultimate fate in classical science of all physical and 
chemical changes. Just as the rate of change in temperature along the length 
of the metal bar may be calculated as it reverts to a uniform temperature so 
rates of concentration changes in chemical reactions may be predicted as a 
reaction irreversibly proceeds to chemical equilibrium. Once the state of 
equilibrium has been reached the irreversible evolution towards this 
“attractor state” (OC 133) of equilibrium ceases, whether it be a state of 
thermal equilibrium (the uniform temperature of the metal bar) or chemical 
equilibrium (the equilibrium concentrations of chemical substances). The 
power of classical science is that the solutions to the mathematical equations 
used to describe the approach to the equilibrium state, the attractor state, 
and the equations for the equilibrium state itself are capable of predicting 
the future of the system. Hence we say the solutions are deterministic, that is 
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the combination of science and mathematics can predict the result of 
physical and chemical processes once conditions are known at a particular 
time. 

Thermodynamicists like Prigogine study the conversion of energy into 
work and its exchange with the outside world. Any object chosen for study, 
such as the metal bar, is called a system. All the other parts of the universe 
whose properties are not of immediate interest are the surroundings. If 
there is exchange of matter or energy between the system and its 
surroundings we have an open system and if there is no exchange the 
system is said to be closed. Thus a running automobile engine is an open 
system, as are the cells in living bodies. On the other hand a mixture of ice 
and water in an insulated cooler is considered a closed system since there is 
no exchange of matter or energy between it and the surroundings. 

Another common example of irreversibility does not involve the transfer 
of heat. It is the spontaneous expansion of a gas in one-half of a chamber 
when the wall separating the other half is removed. The atoms of a gas 
quickly fill the whole space. The opposite process does not occur. The gas by 
itself does not concentrate again in just half the volume of the container. 
Until recently only reversible processes were emphasized in thermo¬ 
dynamic studies. Such irreversible phenomena as the above were described 
as variances of the ideal, reversible processes. But, “We have discovered that 
far from being an illusion, irreversibility plays an essential role in nature 
and lies at the origin of many processes of spontaneous organization.” 
(Chemical and Engineering News, December 1, 1980, 24) Moreover, “In 
addition to their intrinsic importance, chemical processes play a funda¬ 
mental role in biology.” (OC 131) For scientists interested in the evolu¬ 
tionary process over time it is considered extremely important to connect 
irreversible physics and chemistry to biology and life. Prigogine would even 
extend these relationships to studies of human societies: 

All these unexpected discoveries also have a drastic effect on our outlook on the 
relation between “hard” and “soft” sciences. According to the classical view, there was a 
sharp distinction between simple systems, such as those studied by physics and 
chemistry, and complex systems, such as those studied in biology and the human 
sciences. Indeed, one could not imagine greater contrast than that existing between a 
gas or a liquid and the complex processes we discover in the evolution of life or in the 
history of the human sciences. 

Still, this gap is now being filled. Over the last decade, we have learned that in 
nonequilibrium conditions, simple materials, such as a gas or a liquid, or simple 
chemical reactions, can acquire complex behavior. (PUMR 232) 

Physical and Chemical Phenomena 

Due to the work of Prigogine and many other scientists, simple systems 
like those studied in physics and chemisty can now confidently be related to 
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the very complex systems in living organisms. Both the nonliving and living 
world are found to exhibit a remarkable property. The discovery is that 
chaotic conditions in both the world we see (macroscopic) and the world we 
cannot see (mircoscopic) have the power to spontaneously organize 
themselves into patterns of structure and order. On the microscopic level 
“In a sense the molecules have to be able to communicate” in order to 
synchronize their behavior. (TUK28) Prigogine thus calls his treatise for the 
general public Order Out of Chaos. 

The implications of these phenomena for Teilhardians is of obvious 
interest. Writing about evolution in the late nineteen forties Teilhard notes 
“We must try, if possible, to build a bridge, or at any rate the skeleton of a 
bridge, between physics and biology.” (MPN 17) For some the skeleton of 
that bridge is now being built. As the “poet of thermodynamics” (Omni, 88) 
Ilya Prigogine has had a major role in its construction. 

Today there is a deep change going on, which I myself have experienced over the period 

I have been interested in science. When I started my work, few people were interested in 

the problem of time, of evolution, of complexification. But today there is an enormous 

effort going on with these questions in mind. (TUK 25) 

To reveal how the gap between physics and biology is now being closed, 
Prigogine often cites examples from nature which create interest and 
wonder. One favorite is the Benard cell. It is a phenomenon known since 
the beginning of the twentieth century but under intense investigation today 
because of its application to atmospheric and planetary physics. If a shallow 
dish of a certain liquid is heated from below, eventually the liquid will 
spontaneously organize itself into a regular pattern of hexagonal cells. 
Before heating, all the molecules are in thermal equilibrium and all points 
inside a horizontal layer of the liquid have the same properties. As warming 
occurs the temperature in the lower face of the dish becomes slightly higher 
than in the upper face as heat is propagated from bottom to top by 
conduction. At a critical value of the temperature gradiant and surrounding 
conditions we observe the characteristic hexagonal cells. This sudden and 
spectacular change is caused by the occurrence of a new mechanism of 
transferring heat from bottom to top, in addition to thermal conduction. 
This new mechanism, called convection, is responsible for transporting 
warm molecules to the cooler top layer. Obviously this transformation is a 
spontaneous space-time ordering process involving macroscopic correla¬ 
tions. It is estimated that each cell involves about 10 21 molecules, an amazing 
“coherence for the cooperation of a vast number of molecules.” (OC 127) 
This is called by Prigogine a system in a far from equilibrium condition. 
There is an interaction here of a nonequilibrium thermodynamic force 
created by the temperature gradient, and a gravitational force as the heated 
liquid at the bottom becomes less dense than near the top. Far from 
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equilibrium systems like Benard cells are more sensitive to the forces of 
nature than equilibrium systems: 

In other words nonequilibrium systems permit matter to “feel” much more in detail the 
various fields in which it is embedded, be they gravitational, electrical or magnetic. That 
certainly has to be one of the roads which matter had to follow in order to come to the 
highly adaptive systems which are the living systems today. (TUK 35) 

Prigogine emphasizes that the Benard effect is quite unexpected. One 
can imagine there are always small convection currents appearing in the 
liquid as fluctuations from an average state of equilibrium even before 
heating. During heating below the critical value of the temperature gradient 
the fluctuations are damped out. Above the critical value certain fluctuations 
are amplified and give rise to the macroscopic current and a new molecular 
order. This far from equilibrium system appears as a giant fluctuation and 
remains stable so long as the critical temperature gradient is maintained 
and energy can be exchanged with the outside world. 

The new molecular order characterized by the Benard cell is an example 
of a “dissipative structure,’' whose theoretical interpretation is in part due to 
Prigogine. The significance of these structures is understood when they are 
compared to “conservative structures.” Living beings require both kinds as 
the two fundamental principles of order in nature. Both structures are 
involved in the shape and dynamics of living organisms. Conservative 
structures may be viewed as the spatial patterns of matter which are the 
result of physical forces at work. These forces are responsible for creating 
an order among the various parts, f or example, an exact distribution of 
atoms in a molecule, the spatial arrangement of a protein molecule, or the 
symmetrical pattern of crystals, result from static forces at work among 
physical particles. These forces permit only certain forms and shapes. These 
structures are usually associated with equilibrium and time-independence. 
They can be highly complex like protein molecules, or relatively simple like 
a salt crystal. Their precise patterns are attributed simply to the forces of 
attraction and repulsion between the constituent atoms and molecules. 

Unlike all forms of life, which require a metabolism to survive, conserva¬ 
tive structures do not dissipate energy in order to maintain themselves. But 
they do have a critical role at the molecular level in morphogenesis in the 
structural changes that occur during the development of organisms. Thus 
the entire genetic information storage system in the DNA double helix 
molecule, the spatial placement of sites where chemical reactions can take 
place in complicated enzymes, and even the structure of living cells, make 
use of conservative forces that precisely determine the location of every 
detail. The constancy of a genetic program is a concrete expression of these 
inflexible forces. Novel laureate Manfred Eigen considers structural 
mutations which occur to be merely “misreadings” that can result from 
thermal fluctuations. (Laws of the Game, 78) Such “mistakes” of course are 
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preserved and will be selected if they prove to be advantageous to the living 
system. 

The development of the notion of dissipative structures has involved 
mathematics, physics, chemistry, biology and, after Prigogine, social 
sciences. As early as 1910 the American chemist, Alfred Lotka, specified a set 
of consecutive steps to explain how a hypothetical chemical reaction could 
occur. He found that the proper mathematical treatment of the possible 
steps in this reaction, providing one of them is autocatalytic, produces the 
form of an unexpected organization. The form is a nonequilibrium periodic 
process, similar to a frictionless pendulum oscillating from side to side 
through its equilibrium positions. Later in 1926, the Italian mathematician, 
Vito Volterra, while trying to understand why the percentage of sharks 
caught in the Mediterranean Sea varied over time, formulated a mathe¬ 
matical model which predicted the general periodic growth and decline of 
populations of both predators and their prey. This model also required an 
autocatalytic step in the equations used to describe the population changes. 
Thus Volterra’s model predicted a periodic change similar to the chemical 
changes predicted by the Lotka model. Prigogine refers to these equations 
which create a nonequilibrium periodic process as the “Lotka-Volterra 
model.” (BB 97) It is a mathematical formulation for considering simple 
schemes of catalytic-type reactions and is the prototype for reactions that 
can produce form, synchronization, and self-regulation in systems which 
are far from equilibrium, that is dissipative structures. This explanation has 
been essential for understanding how living systems, once “in some sense 
pushed outside nature and physical laws” (SO 13) can “follow from the laws 
of physics.” (SO 14) (autocatalytic = self-initiating) 

Ilya Prigogine and his coworkers in Brussels have gone on in the past two 
decades to develop a more detailed model for dissipative stuctures than 
Lotka-Volterra. Appropriately this chemical model is called the “Brussela- 
tor” because of its origin and will be treated since it “has been used 
extensively recently because it has remarkable properties that allow one to 
model a wide range of macroscopic behaviors.” (BB 98) Recalling the static 
forces that dominate conservative structures we are now concerned with a 
description of how new forms of self organization may unexpectedly and 
spontaneously originate in nature. The far from equilibrium self-organ¬ 
ization of the Benard cell described above had a simple mechanical origin. 
On the other hand, the origin of the Brusselator is chemical — it refers to an 
autocatalytic reaction. Hence these phenomena emerge in all parts of 
nature. Prigogine introduced the concept “dissipative structures” for these 
phenomena in order to describe the close association between, on the one 
hand, the order and structure acquired by a system and, on the other, the 
energy being steadily dissipated to maintain the system's order and 
structure. 
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The origin of the self-organizing structure comes from a combination of 
the properties of the particular steps of the reaction involved and the 
conditions applied to the system. For example, the order in chemical 
reactions is maintained by a flow into the system of chemical substances rich 
in energy (reactants) and the discarding of substances low in energy 
(products). Thus order and structure occur as energy is continually 
dissipated. 

Scientists have traditionally been educated in the classical thermo¬ 
dynamics of reversible systems. This approach emphasizes systems isolated 
from their environment and near their equilibrium state. For the far from 
equilibrium systems studied by the Lotka-Volterra and similar models, 
Prigogine and others have developed the concepts of irreversible thermo¬ 
dynamics. These concepts include not only closed but open, dissipative 
systems in which there can be exchanges of matter and energy between the 
system and its surroundings. In reality, living beings exist as open systems 
which are far from equilibrium dissipative structures. “The interaction of a 
system with the outside world, its embedding in nonequilibrium conditions 
may become in this way the starting point for the formation of new dynamic 
states of matter — dissipative structures.” (OC 143) 

Orders of magnitude differ significantly for constructive and dissipative 
structures. The order of dimensions in conservative structures is 10" 8 
centimeters as in the distance between molecules in a crystal. The 
dimensions of dissipative structures, as in Renard cells, are of the order of 
centimeters, “corresponding to a form of supramolecular organization.” 
(OC 143) Time scales of the two structures also vary: in conservative 
structures they are on the order of 10 -15 seconds, as in the vibrations of atoms 
within molecules around their centers of gravity; whereas in dissipative 
structures time scales can be in orders of seconds, minutes or even hours. (P. 
Rapp, Journal of Experimental Biology, 81 , 1979, 281) These differences of 
orders of magnitude are found in both chemical systems like the Brussela- 
tor, where there are no mechanical features, and in physical systems like 
Benard cells. 

The most studied inorganic chemical reaction was first reported by the 
Russian chemist, B.P. Belousov, in 1958 and later examined carefully in the 
laboratory of fellow Russian, A.M. Zhabotinskii. Their reports stimulated 
much interest in the Prigogine school at Brussels during the nineteen 
sixties. The behavior of the Belousov-Zhabotinskii (BZ) reaction is believed 
to be based on its containing both autocatalytic and crosscatalytic steps, just 
as Prigogine proposes in his Brusselator model. The striking thing about the 
BZ reaction is that two of its intermediate components are respectively 
formed by red and blue molecules in comparable quantities. On mixing we 
would expect a violet mixture of the two colors. This does not occur. In 
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appropriate conditions we see a periodic sequence in which the whole 
bottle becomes red, then blue, then red. We have an inorganic oscillator, 
indeed a chemical clock. Like the Benard effect this phenomen goes against 
our intuition. We expect the molecules to eventually go to a chaotic 
equilibrium state of disorder, giving the violet color. Yet we find inter¬ 
mediate components oscillating periodically between red and blue in highly 
coherent fashion. Prigogine stresses that for billions of molecules to 
spontaneously change color like this they must have some way to inform 
each other. These dissipative structures therefore can help explain how 
systems communicate in order to act as a whole, a phenomenon important 
from chemistry to neurophysiology. Apparently the physical and chemical 
nonliving world also has its own self-organizing potential for the emergence 
of complex systems which remain indefinitely in a far from equilibrium 
nonequilibrium state. But Prigogine notes: 

Let us emphasize an interesting difference. In the examples known in inorganic 
chemistry, the molecules involved are simple but the reaction mechanisms are complex 
— in the Belousov-Zhabotinsky reaction, about thirty compounds have been identified. 

On the contrary, in the many biological examples we have, the reaction scheme is 
simple but the molecules (proteins, nucleic acids, etc.) are highly complex and specific. 
This can hardly be an accident. Here we encounter an initial element marking the 
difference between physics and biology. Biological systems have a past. Their 
constitutive molecules are the result of an evolution, they have been selected to take part 
in the autocatalytic mechanisms to generate very specific forms of organization 
processes. (OC 153) 

Chemistry is therefore taking a major role in providing Teilhard’s bridge 
between physics and biology. 

Another example often cited by Prigogine is achieved by pouring a small 
amount of red BZ solution into a shallow dish to provide a thin uniform 
layer. Blue dots soon appear in the red solution and grow into a striking 
multicolored array of ring-shaped structures. The recurring color change in 
the BZ reaction exemplifies self-organizing periodic variations in space. 
The subdivision of cells during the development of embryos are thought to 
proceed by the same process as these inorganic systems. (“Control of 
Sequential Compartment Formation in Drosophilia” S.A. Kaufmann, R.M. 
Shymko, K. Trabert, Science 199 (1978) 259-270) The form of propagating 
waves in the BZ solution, a far-from-equilibrium condition, is also similar to 
the aggregation processes in slime mold colonies. 

We can now summarize the discussion of the two principles of order and 
form in nature. Conservative structures result from static forces of attraction 
and repulsion between particles without dissipation of energy and are 
associated with a state of equilibrium. Dissipative structures, on the other 
hand, are dynamic nonequilibrium states of order that can only be 
maintained by a flow of energy. They can emerge from a synchronization of 
physical and chemical processes in which new specific forms spontaneously 
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emerge by self-regulation. Prigogine’s Brusselator is a dissipative structure 
in which the autocatalytic reaction makes self-organization possible. 
Similarly, during the development of living organisms, dissipative structures 
are responsible for spatially and temporally organizing the atoms and 
molecules of conservative structures into the biological features specified by 
the genetic program. To Prigogine the significance of finding both 
conservative and dissipative forces in nonliving and living beings, in the 
inorganic and organic worlds, means that the unity of physics and biology 
also sought by Teilhard is finally becoming realized. 

For our concern all these examples cited by Prigogine are indeed quite 
compatible with Teilhard’s outlook: 

“A certain fundamental law reveals itself to us affecting the whole world. No longer is 
there in the universe, as we continue to repeat, only the disheartening entropy 
inexorably reducing all things to the most elementary and stable forms. Rather, through 
and above this shower of ashes, there emerges a kind of cosmic vortex, in whose center 
the stuff of the world — by the preferential utilization of changes — twists and unrolls 
more and more tightly within itself, in ever more complicated and centered 
assemblages.” (Oeuvres vol. 7, 302) 

The physical and chemical phenomena we have seen such as the Benard 
effect and the BZ reaction are further evidence of what Teilhard saw: “a 
cosmic drift of matter towards states of arrangement of progressively greater 
complexity.” (LME 71) 


Bifurcation Theory 

Prigogine has also taken advantage of a recent school of mathematics 
called bifurcation theory to illustrate and prove the emergence of self¬ 
organization in both the living and nonliving realms. In general this 
approach can model and describe the behavior and transformation of a 
dynamic system such as the Brusselator reaction. As long as the concen¬ 
tration of reactant A or B remains within a certain range a stable, 
equilibrium state will be maintained. However when the concentration of a 
reactant reaches a critical value, a “bifurcation point” occurs whence the 
system will branch off into one of two new, far-from-equilibrium states. 
Which new path is chosen involves an element of chance inherent in the 
local fluctuations of the system. The important observation is that a higher 
order will spontaneously emerge in nature rather than a decrease as might 
be expected. 

Some applications of bifurcation theory to evolution pertain to 
Teilhardian thought. First, new properties of matter appear in far from 
equilibrium conditions — properties which in the past were only attributed 
to living systems. Bifurcation theory is thus applicable for both living and 
nonliving systems. The far from equilibrium oscillations observed in a BZ 
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reaction have been found in numerous biochemical systems. For example, 
“an atlas of cellular oscillators” reports researchers finding oscillations in 
enzyme catalyzed reactions; protein syntheses; muscle oscillations, cell 
movement, growth and development. (P. Rapp, Journal of Experimental 
Biology, 81, 1979, 281) The nature of the oscillations may vary from the 
periodic release of enzymes and neurohormones to the pacemaker 
contraction of muscles. The most thoroughly understood oscillator in living 
systems is the process of glycolysis whose periodic behavior in metabolism is 
one of the principal energy-yielding mechanisms in living cells. These are 
striking examples of open systems with dissipative structures. 

It is noteworthy that Prigogine’s application of relatively abstract 
mathematical bifurcation theory to living and nonliving systems together is 
very much in line with how Teilhard saw phenomena from his particular 
viewpoint. 

I an not enough of a mathematician to be able to judge either the well-foundedness or 
the limits of relativity in physics. But, as a naturalist, I am obliged to recognize that the 
assumption of a dimensional milieu in which space and time are organically combined 
is the only way we have found to explain the distribution around us of animate and 
inanimate substances. (PM 83) 

Moreover, Teilhard wrote that “(the earth) is passing through a con¬ 
secutive series of moving equilibria...something both continuous and 
irreversible.” (PM 101) “In the light of our experience it is abundantly clear 
that emergence in the course of evolution can only happen successively and 
with mechanical dependence on what precedes it.” (PM 270) Today an 
explanation of evolution demands “successive changes, that is, sequences of 
bifurcation” (TUK 35) which are in principle what Teilhard seems to have 
meant (above) by “consecutive series of moving equilibria.” Thus history 
and irreversibility of time, so important for Teilhard’s evolutionary 
perspective, are implied in bifurcation theory. “It is very important to 
emphasize that the behavior of such (bifurcation) systems depends on their 
history...The state we reach depends on the previous history of the system. 
Until now history has been commonly used in the interpretation of 
biological and social phenomena, but that it may play an important role in 
simple processes is quite unexpected.” (OC 161) Reading contemporaries of 
Teilhard helps to see how radical his thought was about the unidirection of 
time. Prigogine stresses the novel character of such thinking implied by 
bifurcation theory by quoting Gilbert Newton Lewis, one of the founders of 
chemical physics. 

We shall see that nearly everywhere the physicist has purged from his science the use of 
one-way time, as though aware that this idea introduces an anthropomorphic element, 
alien to the ideals of physics. Nevertheless, in several important cases unidirectional 
time and unidirectional causality have been invoked, but always, as we shall proceed to 
show, in support of some false doctrine. (G. Lewis, Science, 71 , 1930, 570) 
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Teilhard’s understanding of time as unidirectional, and not symmetric as 
in classical science, is compatible with another significant implication of 
bifurcation theory. The mathematical solutions to the equation for a system 
do not predict which path will be taken at the bifurcation point. The 
symmetry of the paths indicates there is equal chance for either path to 
occur — there is an irreducible random element in the emergence of 
self-organization. “Self-organization processes in far from equilibrium 
conditions correspond to a delicate interplay between chance and necessity, 
between fluctuations and deterministic laws.” (OC 176) Fluctuations or 
random elements play an important role around bifurcation points while, 
on the other hand, between bifurcation points deterministic laws become 
dominant. For Teilhard “the play of chance (which is physical)” (AE 124, 
parenth. in text) was necessary to explain the obvious “groping” in 
evolution. Writing in 1945 about the emergence of life “at the whim of 
chance” but still constantly “increasing complication and unification,” (AE 
134) he clarifies his scientific thought with an example from social life. 

At our own level, indeed, we find an echo, or even an exact extension of this process of 
organization in the way in which, in daily life, any business or research or religious 
association is set up. It starts by two or three individuals who are inspired by the same 
plan meeting by chance. After that, as chance circumstances and the grasping of 
opportunities determine the nucleus grows and the ramifications reach out further. 
Finally, the mere association of pre-existing units and relationships, with no breaks and 
no alien intrusion into the system, a new organism is found to have been born into the 
milieu of man. (AE 134) 

With a little stretching this example of Teilhard could be used by Prigogine 
to extend bifurcation theory to social organization. 

We know now that societies are immensely complex systems involving a potentially 
enormous number of bifurcations exemplified by the variety of cultures that have 
evolved in the relatively short span of human history, (OC 312) 

In summary, there is considerable compatibility between a Teilhardian 
perspective and the bifurcation theory adopted by Prigogine and others to 
explain the emergence of self-organization in evolution. Among the themes 
found to manifest this compatibility are that formulations of bifurcation 
theory apply to both living and nonliving systems; the importance of history 
and its unidirectional character in bifurcation theory; and the way bifurcation 
theory includes both chance and necessity. 


Energy and Entropy 

One of the serious questions encountered by Teilhard in reconciling an 
evolutionary philosophy was “the natural significance of these two 
principles of the Conservation and Dissipation of Energy.” (PM 52) As a 
scientist he was aware of the importance they can have in any compre¬ 
hensive world view. The conservation principle, the so-called first law of 
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thermodynamics, states that in any closed system during the conversion of 
energy from one form to another, the total energy remains constant, that is, 
it is conserved. Thus if a steam engine converts mechanical energy into 
electric energy the total energy is conserved 

One form of the dissipation principle noted by Teilhard, the second law 
of thermodynamics, has already been discussed with regard to irreversible 
heat conduction. It is common experience that heat flows from hot to cold 
The principle forbids the reverse process of heat passing from cold to hot 
without some outside source of energy. Although the original form of the 
dissipation principle in the nineteenth century was in terms of heat 
exchanges it was soon realized that it could also be extended to describe the 
irreversible expansion of a gas. Examples of such phenomena throughout 
nature led to a new mathematical quantity called entropy. Irreversible 
processes end up in a state of equilibrium where no further macroscopic 
changes occur. The dissipation principle, the second law, identifies this 
state of equilibrium with maximum entropy. Any spontaneous change 
which occurs in a closed system tends to increase its entropy as it goes to 
equilibrium. Jeremy Rifkin offers the cogent explanation: 

For example, if we burn a piece of coal, the energy remains but is transformed into 
sulfur dioxide and other gases that then spread out into space. While no energy has 
been lost in the process, we know that we can never reburn that piece of coal and get the 
same work out of it. The explanation for this is to be found in the second law of 
thermodynamics, which says that every time energy is transformed from one state to 
another “a certain penalty is exacted.” That penalty is a loss in the amount of available 
energy to perform work of some kind in the future. There is a term for this; it’s called 
entropy. (Entropy, 34) 

Among the generalizations of the second law of thermodynamics is that 
order tends to give way to disorder. It is more difficult to achieve a high 
degree of order and structure than chaos. If one arranges a pack of cards in 
careful sequence and then randomly shuffles them a highly disordered 
sequence is expected. The chances of shuffling a pack of cards into suit 
order, for instance, is incredibly small. A house requires care to build but is 
easily demolished into a pile of bricks. Disorder can be identified with 
entropy and therefore with the equilibrium state. 

Two key questions regarding the dissipation principle concern Teilhard 
and Prigogine. First, if all natural systems irreversibly move toward 
maximum entropy, how does one account for evolution which seems to tend 
toward higher levels of organization? Second, what does the dissipation 
principle imply about the future of the universe? From their own individual 
perspectives Teilhard and Prigogine wrestle with these questions. 

No one doubts any longer that the world of living forms is the outcome of increasingly 
complex association between the material corpuscles of which the universe is 
composed. But how are we to envisage the generative mechanism of this ‘com- 
plexification? It is very certain that matter on Earth is involved in a process which causes 
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it to arrange itself, starting with relatively simple elements, in ever larger and more 
complex units. But how are we to account for the origin and growth of this process of 
arrangement? (FM 199) 

What significance does the evolution of a living being have in the world described by 
thermodynamics, a world of ever increasing disorder? What is the relationship between 
thermodynamic time, a time headed toward equilibrium, and the time in which 
evolution toward increasing complexity is occurring? (OC 129) 

Prigogine’s response is as follows. True, self-organization, which occurs in 
far from equilibrium processes, causes a lowering of entropy. The order and 
structure which develops in the Benard Effect, BZ reaction, and living 
systems in evolution decreases entropy. However, according to the second 
law, there must be an overall dissipation of energy. Prigogine emphasized 
that both the far from equilibrium system and its surroundings must be 
included in any consideration. The one does find a total entropy increase, 
an incease in disorder. All the cited examples are open systems in which 
dissipated energy generated in self-organization can be exchanged with the 
surroundings. Biological activity can occur on planet earth because sunlight 
provides the energy source for self-organization and the remainder of the 
universe acts as reservoir for the dissipated energy that is generated. 
Teilhard’s complexification can occur, but at the expense of increased 
disorder in the surroundings. So long as there is a sun, as source of energy, 
and the universe to take up dissipated energy, there is an open system for 
these far from equilibrium dissipative processes. 

Prigogine does not think “we have covered the full story.” (TUK 40) Of 
special concern is what he calls a “structural instability”, the fluctuations in a 
system, as it moves away from equilibrium, whose appearance is the 
occasion for new types of behavior. “That phenomenon is probably going to 
play a more important role for the fascinating questions of evolution of life 
in its pre-biological stages.” (TUK 40) But for Prigogine, the answer to the 
thermodynamic dilemma of self-organization “is not due to some arbitrary 
choice to follow a new intellectual fashion; rather it is imposed on us by new 
experimental knowledge.” (TUK 40) The types of data we have reviewed in 
this essay supply the evidence he offers for his confidence. 

Teilhard’s approach reflects his experience as a geologist and palaeon¬ 
tologist through the study of layers in the earth’s crust and the various fossils 
in these layers. Thermodynamics was known to him but he was probably 
unaware of nonbiological examples of complexification like the Benard 
Effect. All the more remarkable are his insights: 

In science, two things are henceforth beyond discussion. First, in virtue of some initial 
(and, because ‘initial’, inexplicable) disposition of the Weltstoff-, matter coalesces or 
crystallizes (this is a result of chances that are brought into play by the fantastic 
multiplicity and fantastic agitation of the particles into which it condensed): but, what is 
more, it also tends to organize itself ‘ centrically ’ in the form of ever larger and more 
complex particles. 
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And secondly, under the influence of the increasing organization and in step with it, this 
same matter becomes interiorized (here we meet the phenomena of consciousness) 
with an intensity that increases, in the higher living beings, with the development of the 
nervous system. (AE 324, parenth. in text) 

Teilhard’s first point is generally acceptable to Prigogine because “In the 
eyes of the physicist, nothing exists legitimately,...except the without of 
things,” (PM 55) which refers to the measurable properties of matter. 
Moreover, key words like chance, organize, multiplicity and agitation 
(fluctuation) are compatible to his thought. 

Debate among scientists, including Prigogine, begins when Teilhard 
argues “the phenomenon of consciousness” (PM 55) intensifies as matter 
becomes “interiorized”. (HE 97) Consciousness, psychic activity, is identified 
with “the within” of matter and “It is no more legitimate for us 
experimentally to fix an absolute beginning to these three expressions of 
one and the same thing (the within, consciousness, spontaneity) than to any 
other lines of the universe.” (PM 57) Thus for Teilhard consciousness, the 
within, is as much a property of matter as, e.g., velocity, the without. Just as 
small velocities have no apparent influence on matter, very high velocities 
increase the observable mass manyfold; similarly for Teilhard, the property 
of consciousness is not apparent in lower forms of matter yet increasingly 
observable in higher animals. Like Prigogine who sees “communication” in 
both living and non-living nature as a “new coherence” (OC 13) not 
previously recognized, Teilhard attributes consciousness to both living and 
non-living nature. As one traces back to earlier stages of evolution, where 
less complexity exists, the within, (consciousness, psychic activity) tends to 
disappear. Teilhard writes of this within: “In a coherent perspective of the 
world: life inevitably assumes a ‘pre-life’ for as far back before it as the 
eye can see.” (PM 57) Both authors have wrestled with and, from their own 
perspectives, given a solution to nature’s self-organization as an “anti¬ 
entropy.” (AE 315) 

The second question, regarding the meaning of the dissipation principle 
for the future of the universe, is more difficult to answer. Their respective 
responses seem to incorporate a fundamental difference in personal 
perspectives to which Prigogine refers at the conclusion of Part I of this 
essay. (TUK 148) Both communicate hope, but for different reasons. 

The issue involves the revolution in twentieth century scientific thinking. 
“Newtonian space and time are supposed to remain absolute — a fixed 
arena or framework, unchanged by the behavior of the contents (material 
bodies),” (Space and Time in the Modern Universe, 12) whereas the new 
expanding model, implying a temporal order, “is a universe limited in size.” 
(ibid, 151) Gravitation and other interactions among the parts affect the 
geometry of the whole universe. Given this closed system of finite size with 
no surroundings, it is inevitable that in time the entropy will reach a 
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maximum, equilibrium state. This situation is often referred to in popular 
literature as the ‘heat death’ of the universe. 

After consideration of known physical and mathematical principles 
concerned with the universe’s future, Prigogine concludes: 

However, the question, what is irreversibility on the cosmic scale? Can we introduce an 
entropy operator in the framework of a dynamical description in which gravitation plays 
an essential role? are formidable ones. I prefer to confess my ignorance. (BB 214) 

Thus from a scientific viewpoint, “Most of the questions which we ask are 
still left unsolved.” (TUK 41) With Karl Popper he rejects the quoted 
proposal (below) by Ludwig Boltzmann, that time-asymmetry is only a 
human convention with no objective reality: 

It seems to me that this way of looking at things is the only one which allows us to 
understand the validity of the second law, and the heat death of each individual world, 
without invoking a unidirectional change of the entire universe from a definite initial 
state to a final state. (OC 254) 

How to eliminate the inevitability of this final state of maximum entropy, 
heat death, has been a goal of theoretical science for over a century. 
Prigogine therefore leaves it an open question with the exhortation “to take 
up Boltzmann’s task again” with “new hopes.” (OC 255) 

In Teilhard’s response to questions about the future of the universe a 
unity of vision is paramount which allows him to combine his scientific and 
religious experience. 

It is this view which is coming to be adopted by all the living branches of modern 
religions, and to form the basis of their gradual convergence: a convergence of all, from 
Christianity...to the new forms of Islam and Buddhism. And the reason for this 
agreement is as profound as it is simple. It is only in this prospect of union (and escape) 
through convergence that all the demands both of our aspirations and of the 
experiential world can find satisfaction and mutual assistance: and this with perfect 
ease, and with no loss or distortion. (TF 47, parenth. in text) 

The final “union (and escape) through convergence” comes at that stage 
of evolution when humankind as a whole will emerge in an ultimate 
separation of consciousness from matter. This is part of the “demand for 
irreversibility that is inherent in the very nature of the evolutionary 
phenomenon.” (AE 332) Evolutionary complexification and interiorization 
in the cosmic process thus incorporates both the determinate and in¬ 
determinate aspects of modern bifurcation theory. Further, for Teilhard, at 
“a point of bifurcation and inflexion”, (AE 335) the psychic will separate 
from matter and there will be released “in a free state, a thinking without a 
brain. The escape of some part of the Weltstoff from Entropy.” (AM 264) 

This means that in order to incorporate life (and, in a more general way, all the 
phenomena or corpusculization) a general energetics must necessarily be built up not 
on the single axis of entropy, but on two conjugate axes, one of greater probability, and 
the other of greater complexity. (AE 331) 

Consciousness will continue to rise into unity in God and, as predicted by 
the second law: “The day will come when Earth too, bleached to a uniform 
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whiteness, like a great fossil, will be a mere gravitational cipher; there will be 
no more movement on its surface.” (HM 190) This anti-entropic vision to a 
positive human future permits at the same time an eventual heat death, 
maximum entropy. Teilhard is aware that this ‘hyperphysics' of future 
liberation for humankind will appear suspect to many. “These thinkers 
have, I believe, deluded themselves by not following to its conclusion the 
significance of this phrase: Total death of the universe.” (HE 40) But for 
Teilhard “A universe which would continue to act laboriously in the 
conscious expectation of absolute death would be a stupid world, a spiritual 
monstrosity, in fact a chimera.” (HE 41) Rather a “sense of the earth” (HE 
31) in nature requires a raising of consciousness to arouse “newly freed 
energies of love, the dormant energies of human unity, the hesitant 
energies of research.” (HE 32) 

Many Teilhardians are attracted by the “passionate sense of common 
destiny” (HE 31) for the future convergence of humanity, attracted by love, 
“the primal and universal psychic energy.” (HE 33) In order to reach this 
goal: 

Let us place in the forefront of our concrete concerns a systemic organization and 
exploration of our universe,..as the highest of human functions. It will absorb the spirit 
of way and shine with the light of religions. To exert constant pressure on the whole area 
of reality, is this not the supreme sign of faith in Being, and therefore of worship? All this 
is ours if we learn not to stifle the spirit of the earth. (HE 38) 

Teilhard’s “spirit of the earth” makes “science a planetary endeavor” 
(Omni, 121) and “a creative and ethical activity which is embedded in 
culture as a whole.” (TUK 42) Therefore both thinkers emphasize the 
essential role of science for the future of evolution. 

In summary, both Teilhard and Prigogine deal directly with the entropy 
question. Prigogine’s detailed explanation of the build up of self¬ 
organization is within the context of a thermodynamic and mathematical 
perspective. Teilhard introduces a hyperphysics with attributes to matter a 
without (physical properties) and a within (consciousness, spontaneity). 
During the process of evolution the within of matter intensifies as 
complexification occurs. The ultimate future of the universe is left open in 
Prigogine’s writings but there is hope for the more immediate future of the 
human species. Teilhard sees a separation of psychic activity from matter at 
a critical bifurcation point in the evolutionary process. This allows 
humankind “to escape the re-descent towards the unarranged,” (AE 334) 
maximum entropy. Teilhard thus integrates his hyperphysics with the other 
central source of his life, his religious experience and Christian faith. 


III. Summary and Conclusion 

Teilhard repeatedly called attention to the fact that matter has the ability 
to complexify. This ongoing complexification process in evolution forced 
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him to see matter differently than the official teaching of chemists and 
physicists of his time. In classical science matter was seen as dead stuff 
following programmed laws which can predict the future with detail and 
accuracy. But for Teilhard important anomilies were being overlooked: 

If we try to “psycho-analyse” modern science we are forced to this conclusion: that 
life...is still in practice looked upon and treated by physicists...as an exception to an 
irregular departure from the great natural laws: an interesting irregularity, no doubt, on 
the terrestrial scale, but with no real importance for a full understanding of the basic 
structure of the universe. That life is an epiphenomenon of matter —just as thought is 
an epiphenomenon of life, is still too often, what too many people, implicitly at least, 
hold to be true. 

It seems to me essential then to protest without delay against this depreciatory attitude 
by emphasizing that...there is another solution to the dilemma presented by the facts to 
the intelligence of interested inquirers: life is not an epiphenomenon, but the very 
essence of phemonemon. (MPN 18) 

Matter‘’organizes itself’ (FM 217) and is capable “when raised corpuscularly 
to a very high degree of complexity, to become centrated and interiorized 
—that is to say, to endow itself with consciousness.” (FM 218) This 
connection of matter with self-organization and life is a Teilhardian legacy. 

As a theoretician, Prigogine has also applied scientific principles to matter 
at all levels in the cosmos. His conclusions and examples cited from 
physical, chemical and biological phenomena corroborate Teilhard’s 
observation of self-organization in both nonliving and living matter. 
Spontaneous ordering permits “communication” among billions of 
molecules over long distances. This communication “is a property everybody 
always accepted in living systems, but in nonliving it was quite unexpected.” 
He adds: “Before we thought that life was the great exception, the contrary 
of the laws of physics. Now we can see that complexity can spontaneously 
arise far-from-equilibrium.” (Omni, 90) Thus for Prigogine matter can no 
longer be seen as dead stuff, as “the passive substance described in the 
mechanistic world view but is associated with spontaneous activity.” (OC 9) 
The origin of life no longer appears as opposed to “the ‘normal’ laws of 
physics.” (OC 14) Life is seen “as the supreme expression of the self¬ 
organizing processes that occur.” (OC 175) This inner spontaneous 
movement to form organized wholes throughout all levels of matter 
underlies a basic agreement between Teilhard and Prigogine. 

The application to evolution of far-from-equilibrium thermodynamics 
and bifurcation theory by Prigogine supports the Teilhardian principle that 
every evolutionary movement has its origin in the past and its extension into 
the future. Based on his studies of complexification Prigogine leaves the 
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arise from scientific progress.” (TUK 42) What is required is “close 
collaboration between science and the humanities to insure the dignity of 
human life for the expanding population.” (TUK 42) 
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Teilhard’s vision of the future is also open. However he sees continued 
production of greater complexity accompanied by rising levels of con¬ 
sciousness. This “spirit of the earth” (PM 253) brings about “the particular 
form of mind which is coming to birth in the womb of the earth today.” (PM 
214) With two attributes of “knowledge” (PM 248) and “unanimity” (PM 250) 
which have been found to emerge with evolution, mind will mature into a 
convergent personality. This eventual convergence of the collectivity of 
humankind into a universal psychical unity will occur at “a point which we 
might call Omega, which fuses and consumes them integrally in itself.” (PM 
259) This fusion at the Omega point allows Teilhard to turn to the “problem 
of love.” (PM 263) Teilhard proposes that the occasion of love at more 
highly evolved levels forces the postulation of its existence, at least 
inchoatively, even at the lowest levels of the nonliving. Using this theme of 
“Love as Energy” (PM 264) Teilhard brings into place the fusion at the 
Omega point of the convergent personality of humankind with the Personal 
God of the universe in Christ. Therefore, “Like the meridians as they 
approach the poles,” (PM 30) his scientific vision converges with the 
religious vision he has developed from his Christian faith. 

As Prigogine noted at Georgetown University, there is a difference in 
vision of the future between the two thinkers. Based on bifurcation theory, 
and its inherent chance, Prigogine sees “the future’s possibilities very 
uncertain.” (TUK 42) Teilhard would admit the same uncertainty because 
the history of evolution shows that much groping is inevitable. However for 
Teilhard, the past shows this “groping, the specific and invincible weapon of 
all expanding multitudes...(which) combines the blind fantasy of large 
numbers with the precise orientation of a specific target. Groping is directed 
chance.” (PM 110) All the mechanisms of evolution open into the future for 
Teilhard as the process continues to the Omega point. Not necessarily so for 
Prigogine. The direction for Teilhard is based on evolutionary history: the 
developing self-organization and increasing consciousness will continue. 
Prigogine finds: “in Teilhard there is a prophetic element which goes 
beyond science proper. But it is remarkable that his position appears today 
much less isolated that it was at the time of his writing.” (TUK 41) Quoting 
the Princeton physicist, Freeman Dyson, Prigogine finally concludes: “Life 
may succeed against all of the oods in molding the universe to its own 
purpose.” (TUK 41) 
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SO Self Organization in Non-Equilibrium Systems, with G. Nicolis. New York: 
John Wiley, 1977. 

TUK Teilhard and the Unity of Knowledge, Thomas King and James Salmon 
(editors). New York: Paulist, 1983. 

Books by Other Authors Referred to in the Text and of Interest 

Davis, P.C.W.: Space and Time in the Modern Universe, London: Cambridge 
University Press, 1977. 

de Lubac, Henri: Teilhard Explained, New York: Paulist, 1968. 

Eigen, Manfred and Winkler, Ruthild: Laws of the Game, New York: Harper and 
Row, 1983. 

Field, Richard and Burger, Maria (editors): Oscillations and Traveling 
Waves in Chemical Systems, New York: Wiley, 1985. 

King, Thomas, S.J.: Teilhard’s Mysticism of Knowing, New York: Seabury, 1981. 
Peacocke, Arthur: The Physical Chemistry 7 of Biological Organization, New York: 

Oxford University Press, 1983. 

Prigogine, Ilya: Interview, Omni, May 1983. 

Rifkin, Jeremy with Howard, Ted: Entropy, New York: Bantam, 1981. 

Stikker, Allerd: Teilhard, Taoism and Western Thought, Chambersburg, 
PA: Anima Publications, Teilhard Studies No. 15, Spring/Summer 1986. 
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TEILHARD STUDIES 

Berry, Thomas, THE NEW STORY: Comments on the Origin, Identi¬ 
fication and Transmission of Values. Winter 1978. 

Gray, Donald, ANEW CREATION STORY: The Creative Spirituality of 
Teilhard de Chardin. Spring 1979. 

Berry, Thomas, MANAGEMENT: The Managerial Ethos and the 
Future of Planet Earth. Spring 1980. 

Wolsky, Alexander, TEILHARD DE CHARDIN’S BIOLOGICAL 
IDEAS. Spring 1981. 

Fabel, Arthur, COSMIC GENESIS: Teilhard de Chardin and the 
Emerging Scientific Paradigm. Summer 1981. 

Grim, John, REFLECTIONS ON SHAMANISM: TheTribal Healer and 
the Technological Trance. Fall 1981. 

Berry, Thomas, TEILHARD IN THE ECOLOGICAL AGE. Fall 1982. 

Fabel, Arthur, THE NEW BOOK OF NATURE. Fall 1982. 

King, Thomas, S.J.,TEILHARD’S UNITY OF KNOWLEDGE. Summer 
1983. 

Swimme, Brian, THE NEW NATURAL SELECTION. Fall 1983. 

Grim, John and Mary Evelyn, TEILHARD DE CHARDIN: A SHORT 
BIOGRAPHY. Spring 1984. 

Dodson, Edward O., TEILHARD AND MENDEL: CONTRASTS AND 
PARALLELS. Fall 1984. 

Tucker, Mary Evelyn, THE ECOLOGICAL SPIRITUALITY OF TEIL¬ 
HARD. Spring 1985. 

Berry, Thomas, TECHNOLOGY AND THE HEALING OF THE 
EARTH. Fall 1985. 

Stikker, Allerd, TEILHARD, TAOISM, AN D WESTERN THOUGHT. Spring/ 
Summer 1986. 

***** 

McCulloch, Winifred, A SHORT HISTORY OF THE AMERICAN 
TEILHARD ASSOCIATION. 1979. 

These publications may be ordered from ANIMA Publications, 1053 

Wilson Avenue, Chambersburg, Pennsylvania 17201, for $2.00 each. 
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An Invitation 


Membership in The American Teilhard Association is open to all who wish 
to join in our work of shaping a future worthy of the planet Earth, of 
ourselves and of our children. 

A brochure describing our purpose and programs will be sent in 
response to requests mailed to the Association at 40 Hillside Lane, 
Syosset, NY 11791. 

We depend entirely on our membership for support in undertaking 
this work of “building the earth.” We look forward to increased 
membership so that our publications may be circulated more widely to 
those looking for guidance in directing the future course of the human 
venture. 


Membership 


Annual contribution (tax deductible): 

Regular...... $ 25.00 

Husband and wife .. $ 40.00 

Contributing, beginning at. $100.00 

Sponsoring, beginning at. $250.00 

Student, full time, under 30 years —.$ 10.00 

life membership..$400.00 


All members will receive annually two issues of Teilhard Studies; the 
Association’s newsletter, Teilhard Perspective; and notice of the Annual 
Meeting and other meetings. 


552540 

THEOLOGY SJBR/’RY 
CLAREMONT, G/iliF. 
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